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The neutron electric dipole moment is investigated in a supersymmetric electroweak 
■ 

G> ■ model admitting SU(2),y singlet and Q = —1/3, say -D-type, quarks. Significant CP vio- 

1-^1 lating phases appear in the coupling between the singlet D-type quarks and the ordinary 

^ ', d-tjpe quarks. Then, through the d-D mixing effects on the squark mass terms the gluino 

^ ■ one-loop diagrams provide naturally the contributions ~ 10~^^e cm comparable to the cur- 
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rent experimental bound on the neutron electric dipole moment. The CP violation in the 
d-D coupling would also be relevant for the electroweak baryogenesis. 
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The CP violation is one of the most interesting issues in particle physics and cosmology. 
Among various CP violating effects the electric dipole moments (EDMs) of neutron and 
electron seem to be promissing observables in searching for new physics, since they are 
calculated in the standard model to be much smaller than the values which can be reached 
in forthcoming experiments In the minimal supersymmetric standard model (MSSM) 
new CP violating phases arise in the soft supersymmetry breakings terms. The EDM of 
neutron is estimated generally in the MSSM to exceed the experimental bound 0] unless the 
CP violating phases in the soft terms are smaller than O(10~^) or the squarks are heavier 
than a few TeV [0, ^, It, however, may be required in the viewpoint of naturalness that the 
soft supersymmetry breaking terms are real and universal at certain unification scale, if the 
constraints from the EDMs as well as the flavor-changing processes are considered. Then, 
the CP violating phases in the soft terms are induced solely from the Cabibbo-Kobayashi- 
Maskawa (CKM) phase through the renormalization group evolution. They are estimated 
to be rather small, giving the neutron EDM less than 10~^^e cm [0. The CP violation in 
supersymmetry is also desired for the electroweak baryogenesis p|. The parameter ranges 
to produce the enough amount of baryon number asymmetry are so restricted in the MSSM 
that some strong bounds are placed on the electroweak observables, e.g. the neutron EDM 
must be greater than 10~^^e cm 0. This would rather indicate that the CP violating phases 
in the soft terms induced by the CKM phase through the renormalization group evolution 
are not sufficient for the baryogenesis. The effect of large top Yukawa coupling above the 
unification scale can violate significantly the universality of the soft terms. Then, the CKM- 
like matter mixings give nontrivial effects on the soft scalar mass terms at the unification 
scale, so that the EDMs of neutron and electron can be as large as 10~^^e cm [^. These 
effects might also be relevant for the baryogenesis. 

By noting these indistinct aspects on the CP violation and also other various motivations, 
it will be interesting to consider some extensions of the standard model and its minimal 
supersymmetric version, where new sources of CP violation are expected to be provided. We 
investigate in this letter a supersymmetric electroweak model which admits SU(2)^^ singlet 
and Q = —1/3, say D-tjpe, quark superfields. This sort of models would be suggested from 



the string theory |jTT|. New CP violating phases indeed appear in the coupling between 
the singlet D-tjpe quarks and the ordinary rf-type quarks. We examine the CP violating 
effects, especially the neutron EDM, where significant contributions are obtained from the 
d-D coupling. 

The superpotential relevant for the quark superfields (suppressing the fiavor indicies) is 
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given in a certain basis denoted with "0" by 



W = u'^XuVoqoH2 + dlX^q^Hi + D^X^qoHi 

+ dlXc^DoN + DIXdDqN + XnNHiH2 , (1) 

where ~ ( ^ 1 "with a unitary matrix Vq, and the up-type quark mass eigenstates u 
and u'^ are taken with real and diagonal A^. It is relevant here to specify the basis without 
loss of generalty. The Xp coupling can be rotated out by a redefinition among the c/q and Dq 
fields. Then, keeping Xp = 0, it is possible to diagonalize and Ad with real eigenvalues 
by unitary transformations for the d and D sectors, respectively: 

Xd = XdiSij , Ad = Xdi^Sm , A/3 = . (2) 

In this basis Vq is reduced to the CKM matrix V in the absence of d-D mixing. The soft 
supersymmetry breaking terms associated with eq.(P are given by substituting the coupling 
parameters as 

Xp^^P {P = u,d,a,l3,D,N) . (3) 

Although the A/j coupling is rotated out, the corresponding coupling is generally nonvan- 
ishing. 

New CP violating phases appear in the A^^^^ x matrix Aq, in the basis of eq.(H), where A^^ 
and A'd represent the numbers of the d-tjpe and D-tjpe quarks, respectively. Although A^ 
admits A^^ x A'd complex phases, some of them are physically ineffective, being rotated out by 



redefining the relevant fields. (See ref.[jT2[ for related arguments.) The phase transformations 
of (ig's exept for the overall one should first be made suitably together with those of do's 
keeping A^ invariant, so that the usual parametrization of the CKM matrix can be reproduced 
up to the small corrections due to the Aq, coupling. The overall phase transformation of c/q's 
is, on the other hand, embedded in the symmetry transformation of U(l)y. Hence, only 
the phase transformations of the D-type quarks can be used to redefine the Aq, coupling. 
In fact, under the Ad independent transformations, Dq^ — > G^'^'^Dok, D'^k ~^ 6~*'^'=Dq^, the 
Aq coupling is changed while the other couplings in eq.(|I|) remain invariant in the basis 
of eq.(^. Then, the number of physically relevant CP violating phases in A^ is counted as 
Nd X Nd — No = (Arf — 1)A^D- This implies that at least two d-tjpe quarks should participate 
to obtain CP violating effects from the Aq coupling. It should further be remarked that the 
CKM matrix may not be involved in the leading contributions to some observable quantities, 
as will be seen later for the gluino contributions to the neutron EDM. Since the phase 
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convention of the CKM matrix is irrelevant in such cases, the phase transformations of dp's 
exept for the overall one can be used to redefine Aq,. Then, the effective number of the CP 
violating phases in Aq, is reduced to be (A^^ — l)Ni:, — {Nd — 1) = {Nd — l){Nri — 1), so that 
at least two D-tjpe quarks are also required to realize the CP violating effects from the Aq, 
coupling without the CKM mixing involved. If the soft supersymmetry breaking terms are 
real and universal at certain unification scale, they do not provide independent CP violating 
phases. The complex phases of the soft terms are rather induced through the renormalization 
group evolution. It would not be appealing from the viewpoint of naturalness to consider 
the soft terms with generic complex phases. They are in any way stringently constrained by 
the experimental bounds on the EDMs [§|, ^, §]. 

The Aq, coupling involving new CP violating phases induces the mixing between the 
ordinary d-tjpe quarks and the singlet D-tjpe quarks. Then, the electroweak gauge couplings 
of the d-tjpe quarks are modified through this d-D mixing, causing various phenomenological 
effects. We hence start with investigating the d-D mixing effects by somewhat elaborating 



the analyses given in refs. |l4 pT^ , |14 



The mass matrix of the d-tjpe and D-type quarks are given for {d^, Dq) (rfo, -Do) by 

Here the vacuum expectation values of the Higgs fields are denoted by 

{Hi) = , {H2) = V2 , {N) = VN . (5) 

These vacuum expectation values are taken to be real at the tree-level, since the soft 
^jsfNHiH2 term can be made real by phase transformations among the Higgs fields. The su- 
perpotential ([T|) actually admits an extra symmetry U(l)^. This symmetry may be gauged, 
or broken explicitly by the mass and cubic terms of the singlet field. It is, however, not 
essential in the present investigations on the d-D coupling effects which option is really cho- 
sen for the U(l)^. We here simply assume that vn ~ lOOGeV — ITeV, without considering 
explicitly the possible effects of U(l)^. 

The quark mass matrix @ may be diagonalized in the following steps. The d-D mixing 
term is first rotated out suitably as 

V^A^.V. - ( f ) ■ («) 

The unitary matrices are given by 

Vx=f y"" ] (X = L, R), (7) 
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and the submatrices are calculated at the leading orders as 

eiL ^ e2L ^ cl = K/^^jv)AdA„A^2 , (8) 

eiR ^ e2R ^ = A„A^^ , (9) 

^^x^l-K4> VD^^l-He^. (10) 

The block matrices and M'^j are diagonalized with real and positive eigenvalues, respec- 
tively, by subsequent unitary transformations 

Then, the mass eigenstates are given in terms of the original states as 

( ) - (^^K)' ( ) . ( ^: ) - (Van)- ( (12) 

The d-D mixing effects on the d-type quarks can be seen by calculating M'^ with eqs.(P) 



^ (l - lenel) \,v, . (13) 

(Vl gives only sub-leading corrections suppressed by A^.) The d-type quark masses are then 
modified as 

rrid, ~ \d,vi 1 - j{eB.el^)ii , (14) 
and the CKM matrix is given by 

V = VoVdX, ^Vo{l- |eLe[) V^^ . (15) 
The unitary transformation to diagonalize is determined as 

iylJ^J ^ + (1 - %) T'''"^ {^R^lh ■ (16) 

By noting eq.(P) and the quark mass ratios, we obtain 
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where A^ and represent the mean magnitudes of A^ and A^, respectively. Here Vj^ 
shows a hierarchical structure similar to that of the CKM matrix. Hence, up to the small 
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corrections due to the d-D mixing, the unitary matrix Vq is taken close enough to the actual 
CKM matrix. 



The CKM unitarity is violated in eq.(|T^) as 

V^V-lc^-Vl{e^ei)V;^ , (18) 

VV^ - 1 -VVlie^ei)V;^VU (19) 

where Vq ~ ^^dl considered at the leading order. By using eq.(^ and ~ 10~^, 
As ~ 10"'^, Xh ~ 10~^, the factor to violate the CKM unitarity is estimated as 

10-^ 10-'^ 10-^ \ 

10~^ 10^6 10^^ . (20) 
10^^ 10"^ 10^2 / 

Then, by noting the hierarchical forms of V, V^^ and ei^e\^, it is readily found that the 




violation of CKM unitarity is small enough to satisfy the experimental bounds 15 . The 



d-D mixing effect in fact appears at the second order of A^ in eq.(pO|) [12|. This feature can 
be understood from the following facts: (i) In the limit A^ — > the left-handed d-D mixing is 
no longer made in diagonalizing A4d in eq.(^, so that the CKM unitarity is clearly restored, 
(ii) For the sign change A^ — > — A^, M.v recovers the original form by the subsequent sign 
change do — > —do- 

In relation to the violation of CKM unitarity, the d-D mixing also modifies the neutral 
currents of the d-tjpe quarks coupled to the Z boson [|12|, |13|, By using eqs.(^ - (|12D, 



the neutral currents are expressed in terms of the mass eigenstates as 

J? = rfV. (-^1 + l)d + d^'a, (^l) rf= + . . . , (21) 

where xw = sin^ 9w The modification by the d-D mixing is given by 

z - 1 V^lieA)V;^ , (22) 

which has already been observed in eq. (pIS]) . Here, the flavor changing neutral currents indeed 
arise with the coupling factors Zij [i ^ j) involving the CP violating phases, while the flavor 
diagonal ones are reduced by the small amounts of — 1|. 

The experimental bounds on the d-D mixing effects including CP violating ones have 
been investigated extensively in the Kq-Kq mixing, Bq-Bq mixing, /W^/W", and so on 
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1^ , pr^ , |T4|. Here, by taking the coupling matrices given in the basis of eq.(0), it has already 



been observed in eqs. ([T7|) and ( pOD that the d-D mixing effects are small enough by virtue 
of the hierarchical quark masses and the CKM mixing. Therefore, the experimental bounds 
on the neutral currents and the CKM unitarity do not place stringent constraints on the Aq, 
coupling, just requiring ^ A|, ^ 1. 

As seen in the above, it is possible that the Aa coupling has Aq, ~ 0.1 — 1 with complex 
phases of 0(1). Then, the CP violating effects by the Aq, coupling will appear significantly 
in some physical processes. We here investigate especially the neutron EDM, where novel 
contributions are obtained from the A^ coupling. 

It is first noted that the one-loop diagrams involving the gauge bosons do not contribute 
even in the presence of d-D mixing. This is understood in the following way. The neutral 
currents of the right-handed d-type quarks coupled to the Z boson are still flavor-diagonal, 
since d'^ and D'^ fields have the same quantum numbers. Then, if the right-handed coupling 
to Z is taken for at least one of the vertices in a loop diagram, the intermediate quark 
state must be the d quark itself for the d quark EDM. The flavor- diagonal left-handed and 
right-handed d-d-Z couplings are, however, real due to hermiticity. On the other hand, if the 
left-handed coupling is taken for both the vertices, the complex phases at the two vertices 
cancel. Hence, the one-loop diagram involving the Z boson does not contribute to the d 
quark EDM. As for the charged gauge couplings, the right-handed quarks do not coupled 
to the W boson. Then, the external d quark mass insertion is made to flip the chirality for 
contributing to the EDM. However, the complex phases at the two charged current vertices 
cancel in the one-loop diagrams involving the W boson. The same arguments are also applied 
to the u quark EDM. These situations are similar to those in the standard model [|I|. 

It may be supposed naively that some contributions to the neutron EDM are obtained 
through the d-D mixing in one-loop diagrams consisting of the physical charged Higgs boson 
= —sm(3Hi^ + cos(3H2 (tan/3 = V2/V1) and the quark intermediate states. However, 
these contributions are vanishing, just as the W boson contributions. In fact, the charged 
Yukawa couplings to iff and H2 are expressed as follows in terms of the quark mass eigen- 
states, so that the right couplings to the Goldstone mode = cos/5i/]~^ + sin/Jif^ are 
reproduced: 

Af^ = XuVoV,X, = iMjv2)V , (23) 

= {V,,V;jX,Vo^ = {M,/v,)V^ , (24) 

where Mu (= A„f2) and Md (= V^^^M'^Vd^) are the diagonal quark mass matrices with real 
and positive eigenvalues. This shows that the physical also has the Yukawa couplings 
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with the same flavor structure as the charged gauge couphngs. Therefore, the one-loop 
contributions to the neutron EDM are clearly vanishing. (This is also checked by a 
numerical calculation.) The supersymmetric counter parts of the diagrams, which involve 
the charginos instead of the charged Higgs boson, however, can contribute to the neutron 
EDM, if some nontrivial flavor mixings are induced for the squark mass terms in the super- 
flavor basis associated with the quark mass eigenstates. Such chargino contributions could 
be comparable to the gluino contributions, which are examined in detail later. 

The one-loop diagrams consisting of the neutral Higgs bosons and the D-type quarks are, 
on the other hand, expected to give some contributions to the d quark EDM through the d-D 
coupling. The (i-type and -D-type quark couplings to the neutral Higgs fields, however, have 
the specific forms as pM.x)/vjq + gA(Ad) in the basis of eq.(|D, where the diagonal block of 
A(A(i) for the d sector is the A^^ x A'"^ matrix A^, while the other blocks of A(Arf) are vanishing, 
and {p, q) = (1, —vi/vn) for A^, (0, 1) for Hf. (ifg does not have this sort of coupling.) Then, 
the d-D couplings are obtained as 0{X^Xa)d'^D^ and 0{XdXa)D'^d^ in terms of the quark 
mass eigenstates and <l> = A^, if^, so that the neutral Higgs boson contributions arise at the 
order of A^. It is, on the other hand, noted that the terms ~ X^X"^ do not contribute to the 
d quark EDM, since they should be real as {Xa)ik{XUki = \{Xa)ik\^ being invariant under the 
phase transformations of the quark fields to rearrange the complex phases in A^. Therefore, 
the neutral Higgs boson contributions through the d-D coupling are found to be obtained 
at the order of A^A^, which could also be comparable to the gluino contributions presented 
below. 

We now examine in detail the gluino one-loop diagrams for the neutron EDM, as shown 
in fig.l, where some significant contributions are expected to be obtained from the d-D 
coupling Xa- In order to calculate the gluino contributions, it is relevant to find the squark 
mass eigenstates. The mass squared matrix of the d and D squarks are given as follows in 
the basis [{d,D), {d'^\D'^^)] associated with the quark mass eigenstates (^): 



where m ~ lO^GeV represents the characteristic scale of the soft supersymmetry breakings. 
The diagonal blocks A4l and contain the contributions of the quark masses, gauge 
D-terms and soft supersymmetry breaking terms. The off-diagonal block to connect the 
left-handed and right-handed squarks is given (in the basis with Xp = 0) by 




(25) 




(26) 
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V ^/^^l ^DVn + \d>^NViV2 j ' 

The squark mass eigenstates Vk = {d+i, Dj^k,d~j, D_i) are found by diagonalizing 
with a suitable unitary transformation U^, where the compressed index K denotes simul- 
taneously the flavors and the four varieties of mass eigenstates. Then, the squark states 
associated with the rf-type quark mass eigenstates are, in particular, given as 

d^ = T.i^i,)i^K'^K , = E(U73).-t^Pi. . (28) 

K K 

By using eq. (pSj) , the gluino contribution ddijj) to the d{= di) quark EDM is calculated as 

2a r +1 

^'^(^) = E \iy^v)^^A^t)Ka] XkI{Xk) , (29) 



where I{Xk) is some relevant function of X^ = m?/m^ with the gluino mass rrig (real by 
taking a suitable phase convention) and the squark masses Tnf,^. 

The unitary matrix may be determined in the expansion with respect to Alr (with 
diagonal A4\^ and Ai^i simplicity though they get some nonvanishing off-diagonal com- 
ponents, as discussed later). Then, the gluino contribution is calculated as 

dM = e-^ {/iilm [(A,)n] + 0(AlrA[rAlr)} , (30) 

where /ii ~ 1 is a factor depending on X^^^ and rn^/m? . The A^ term reproduces the usual 
MSSM contribution for Aq — >■ 0. The contributions of (9(AlrAlj^Alr) involve the terms such 
as (A„)ifc(At^)fej(Ad)ji, (A„)ifc(Al5)M(A^)n, {^d)l^{^\)^A^d)Jl and {^d)ii{^\)ik{^p)ki. If 
the gluino contribution is expressed in terms of the coupling matrices A^, Aq, and so on, the 
terms in O(AlrAlj^Alr) generally provide the contributions at the same orders as those 
obtained from the A^ term. 

We are especially interested in the case where the soft supersymmetry breaking terms 
have the universal form at the unification scale Mu with real gaugino masses and a common 
real factor A for the scalar cubic couplings ^p. Then, for illustrating the contributions from 
the Aq, coupling, let us first consider the universal limit by neglecting the the renormalization 
group effects. In this specific case Alr (with = AmXp = 0) is written in a rather restricted 
form as 



A°R(universal) = a ^ + ib/vN)Mv , (31) 
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where a = {vi/m)[A + \n{v2Vn / mvi)] — {vi/vN)h and h = {vn /m)[A + \N{yiV2/mvN)\- The 
second term of eq.(0) is diagonahzed for calculating Alr in eq.p6|) together with the quark 
mass matirx. Then, the term is calculated as 

Ad = {vi/m)[A + \N{v2VN/mvi)\Xd + 5Ad (32) 

with 5Ad = O'liVd-pVli^)'^ XdiVd-^yli^) — Xd\. The first term in eq. (|3^) , which is independent 
of Aq, reproduces the usual gluino contribution in the MSSM by identifying XnVn with 
the so-called /i-term (though it is vanishing with the real and universal soft supersymmetry 
breaking terms), while the effects of A^ appears in Im[(5A(i)ii]. It is, however, found by 
noting eqs. (|T3p and ( ^^ that 

5Arf = a[{Md/vr)VW - A,] , (33) 

where Md is the diagonal (i-type quark mass matrix with real and positive eigenvalues. 
Therefore, the contribution of the A^ term in eq.(^0|) is vanishing with the real A and real 
gaugino masses in the universal limit. (This is checked by a numerical calculation.) 

The off-diagonal blocks in Alr are brought only from the first term in eq.(|3lD as Aq, ~ 
A^cl and A^ ~ ^K^d- Then, some contributions to dd{(j) are obtained at the order of A^ 
in (9(AlrAlj^Alr) of eq. (pOD . It should here be remembered that the terms ~ A^A^ do 
not contribute to dd{g), since they should be real as {\a)ik(yXUki = HXajikl"^ being invariant 
under the phase transformations of the quark fields to rearrange the complex phases in Aq. 
Therefore, the O(AlrAlj^Alr) term in eq.(pOD provides the gluino contribution dd{g) in the 
universal limit with the CP violating factor as 



{KMxi)kAK)A^i)ii\ . (34) 

This gluino contribution is then estimated as 

,,„).10-.e,„(H^)(%|£)%„. (35) 

with Xd^ = A(i ~ 10~^, Xdj = Xb 10^\ mf,^,mg ~ m, and the CP violating phase (pa from 
the Aq, coupling. (This estimate has actually been confirmed by a numerical calculation.) 
The CP violating factor in eq.(|3^ is clearly expressed in a form invariant under the relevant 
phase transformations of the quark fields. It is readily found that this factor is vanishing if 
Nd = 1 {j = 1) or No = 1 {k,l = 1), in agreement with the CP violating phase counting 
mentioned before for the cases without the CKM matrix involved. 

It should also be noted that even in the universal limit Ai^ gets some off-diagonal ele- 
ments from the gauge D-terms through the quark mixings, since the left-handed do and Dq 
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fields have the different gauge quantum numbers. (The quark mixings involving the CKM 
one are, on the other hand, rotated out in the universal soft squark mass terms.) The off- 
diagonal elements of Aij^ induce for instance a component ~ eL ~ A^A^ in the squark 
state di- On the other hand, the squark state d'l has a Z)+ component ~ A^. Then, a 
contribution ~ lm[(AQ,eL)ii] ~ Aj^A^ to the d quark EDM is obtained with the intermediate 

state. This d-D mixing effect on the gauge D-terms of the squark masses hence provide 
the gluino contribution comparable to that given in eq. (|35|) . 

The gluino contributions at the order of A^A^ are rather obtained through the renormal- 
ization group effects, which will be significant with the factor tu = (47r)~^ ln(M{//Mvt^) ~ 
0.2 for Mu/M\Y ~ 10^^. For example, the deviation from the universality is induced as 
iaio^ — 1 ~ tt/A|,, so that Alpj^ no longer has the specific form as given in eq . (|3l|) . Then, 



Aq, becomes of the order of Aq, rather than A^eL, and {5^d)ii has the imaginary part at the 
first order of A^. The coupling gets a contribution ~ m()f:(7A|,)A^^Ajj,Ad, which gives a 
correction to A/3 at same order as the universal limit value. By taking into account these 
effects for the Alr coupling in eq . (pOD , we obtain the contributions to ddij)) with the CP 
violating factors ~ tuXaX^' which can be comparable to the factor given in eq.(|3^) for the 
universal limit. 

It should further be noted that some contributions are generated in the off-diagonal 
elements of Ai^ and A^p^ by the renormalization group effects. For example, the flavor 
mixing terms are induced for the left-handed d-tjpe squarks by the A^ coupling. The di-d^ 
mixing term is, in particular, calculated as ^j^j^ ~ ^^tu^^ytdVtb involving the CKM matrix. 
Then, a nontrivial correction is obtained at the zero-th order of A^ in the flavor changing 
parts of the squark-gluino couplings. By taking this correction together with the left-right 
squark coupling term (Ad)i3 ~ tu\D{tn(^\i)li\d (though (Ad)i3 ~ Ad,(V^'fV^)i3 ~ A^ in the 
universal limit, as seen in eq. (|33|) with eq.(18)), a contribution to dd{g) is obtained with the 



factor as 

tlXlXlXd\HVuV:,{tKei)l,] , (36) 
where = A^A^^. This contribution can also be comparable to the contribution given in 



eq. 

As seen in the above considerations, significant gluino contributions to the neutron EDM 
are obtained from the d-D coupling Aq including the renormalization group effects. These 
contributions, which may generally be expressed in terms of the coupling parameters such 
as \di Aq, and the CKM matrix V , should have the forms invariant under the relevant phase 
transformations of the quark fields, as given in eqs. (|3^) and (|36|). Then, they appear to 
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be of the order of 10 e cm for reasonable ranges of the couphng parameters. Detailed 
analyses will be presented in a forthcoming paper, where numerical calculations are made 
for diagonalizing the mass matrices and solving the renormalization group equations. 

We finally comment on the case of non-universal soft supersymmetry breakings, though 
it does not look appealing. For example, if ^p/m is independent of and rather than 
\\Xd of the universal case, we obtain a gluino contribution with Im[(Aa)ifc(A|))fei(A/3)n] 
~ Im[(Aa)ifc(^/3/'n^)fci] in eg. (pO]) . While {\a)ik can be made real, a new phase 0/? arises in ^^3. 
This contribution is no longer proportional to A^ nor suppressed by the CKM mixing. Then, 
the factor |Aq,||^^|0^ is severly restricted by the experimental bound on the neutron EDM. 
In this way, unnatural constraints are imposed on the generic form of soft supersymmetry 
breakings, as already seen in the MSSM. 

In summary, we have investigated the CP violating effects, especially the neutron elec- 
tric dipole moment, which are obtained from the d-D coupling in a supersymmetric model 
admitting SU(2)^ singlet and Q = —1/3 D-tjpe quarks. The d-D mixing effects on the 
CKM unitarity and the neutral currents are small enough being suppressed by the ordinary 
d-tjpe quark Yukawa couplings, so that the d-D coupling with new CP violating phases can 
take significant values. Then, through the d-D mixing effects on the squark mass terms the 
gluino one-loop diagrams provide naturally the contributions ~ 10~^^e cm comparable to 
the current experimental bound on the neutron electric dipole moment. The CP violation 
in the d-D coupling would also be relevant for the electroweak baryogenesis. In fact, the 
quark mass eigenstates will become space-dependent with the complex d-D coupling, since 
the configurations of the Higgs fields Hi, H2 and are in general varying in different man- 
ners through the bubble wall. This effect would contribute significantly in determining the 
local charge distributions of the quarks to generate the baryon number asymmetry around 
the walls of expanding bubbles. 

The authors would like to thank N. Oshimo and A. Sugamoto for valuable comments. 
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Figure Caption 

Fig.l One-loop gluino-squark diagram contributing to the d quark EDM. 
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